Recurrent pregnancy loss (RPL), which is typically defined as 2 or more consecutive early pregnancy losses, occurs in up to 5% of reproductively active couples.
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It has been reported that this anomaly occurs in approximately 5%
of couples with RPL, [7] [8] [9] and couples in which one partner carries this anomaly are at increased risk of infertility, RPL, and the delivery of chromosomally abnormal offspring because erroneous chromosome distribution might occur in meiosis.
The balanced pericentric inversion of chromosome 9 (inv [9] ) is the most common inversion in the human karyotype and occurs in 1%-3%
of the normal population. [10] [11] [12] [13] [14] It is considered to be a normal variant and has been reported to be a harmless anomaly in couples with RPL. 14 However, there are some reports concerning the frequency in couples with RPL, in which a patient or a husband possesses the inv (9) , and it is reported that the frequency of inv (9) is increased among couples with RPL. 11, 13, 15 Furthermore, there are few reports regarding the outcomes of subsequent pregnancy in these couples.
Simple inversion consists of a double break point fusion event involving just 1 chromosome where the interstitial segment is reinserted in a 180° orientation. In cases of chromosomal inversion including inv (9) , it is considered that circularized configuration between normal and inverted chromosomes is formed at the pachytene stage of meiosis I. Subsequently duplicated or deficient recombinant chromosomes are made, causing various unbalanced karyotypes to emerge in the gametes (oocytes or sperms). The increase in the abnormal karyotype in the fertilized eggs is followed by RPL.
For this reason, we analyzed the incidence of various chromosomal abnormalities in 2006 couples with RPL over a 27-year period, as well as the frequency and outcomes of pregnancy among those with inv(9).
| MATERIAL S AND ME THODS
From January 1990 to December 2016, 2337 couples with RPL who had experienced 2 or more consecutive early pregnancy losses, including non-visualized cases, were referred to our hospital. 16, 17 First, the frequency of various chromosomal abnormalities in the couples was analyzed retrospectively. Second, the number of couples in which one partner carried inv(9) was analyzed, and the pregnancy outcomes were investigated in the cases that were able to achieve a term pregnancy. In cases in which early pregnancy loss occurred again, villi samples were subjected to a chromosomal analysis F I G U R E 1 Chromosomal abnormalities were detected in 186 couples with RPL. Among these 186 couples, inversions were observed in 65 couples (65/186 = 34.9%). Among these 65 couples with inversion, inv(9) was detected in 52 couples (52/65 = 80.0%)
to clarify the cause of pregnancy loss. The outcome of the pregnancy was also analyzed. Finally, we revealed the success rate of pregnancy in the patient population with inv(9) and compared it to that in the patients with RPL but without inv (9) .
The protocol of our study was approved by the Institutional (9) in the whole population was 2.6% (52/2006). Among the 52 couples with inv(9), inversion was found in the female partner in 28 cases and the male partner in the remaining 24 cases. Among these 65 inversion couples, other inversions were also observed in 13 couples (13/65 = 20.0%). Among these 13 couples, the detected inversions of chromosome in patients or husbands were all balanced pericentric or paracentric, and they were observed on chromosomes 1, 3, 4, 5, 6, and 11. No patients in the present study had overlapping chromosome abnormalities.
Other risk factors for RPL and their frequency were detected in some of the 52 couples with inv(9) ( Table 1) . Data on the patient couples without inv (9) heparinized blood irradiated with 30 Gy of X-rays in order to prevent any graft-versus-host disease (GVH) reaction.
Thus far, of the 52 couples, 32 patients conceived repetitively, which resulted in a good outcome (live birth) on the next pregnancy in 23 cases and early pregnancy loss in nine cases (Tables 2 and 3) .
A chromosomal analysis was performed in 7 of these nine cases.
Although the remaining two cases were scheduled to undergo an operation for miscarriage and have a chromosomal analysis performed, they underwent natural loss of the products of conception before that point. There was thus no information available regarding the karyotype of those two pregnancy losses. The results were as follows: normal karyotype (n = 2) and autosomal trisomies (n = 4), inv (9) (n = 1). Four of the 9 cases subsequently obtained a good pregnancy outcome. Thus, 27 of the 32 (84.4%) patients ultimately obtained a successful outcome.
TA B L E 2 Prognosis of pregnancy female partners showed inversion (9)

| D ISCUSS I ON
Inv (9), which occurs in about 1%-3% of the normal population, is considered to be one of the most common chromosomal anomalies. [10] [11] [12] [13] [14] A simple inversion consists of a double break point fusion event involving just one chromosome. The interstitial segment is reinserted in a 180 degree orientation. Although the inv(9) in couples with RPL is considered to be a normal and harmless variant, there are few reports concerning the outcomes of subsequent pregnancies in couples with RPL when a patient or their partner possesses inv (9) . In this study, we analyzed the incidence of inv (9) (9) in the study population (couples with RPL)
was not significantly different from that in the normal population.
Moreover, it was revealed that inv(9) was the second most frequent chromosomal anomaly (after reciprocal translocation) among couples with RPL.
The frequency of inv (9) have been reported to obtain good outcome on subsequent pregnancy, 21 and the pregnancy success rate of the population with inv(9) was not significantly different from that of the population with RPL without inv(9).
In conclusion, in cases in which inv(9) is detected in one partner among couples with recurrent pregnancy loss, the couple could be advised that this chromosomal anomaly has no adverse influence on subsequent pregnancies.
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